States experience an approximately 100-fold greater rate of primary and secondary (P&S) syphilis diagnoses compared with men who have sex with women only. As in the general population, racial/ ethnic disparities in P&S syphilis diagnosis rates may exist among MSM, but MSM-specific P&S syphilis rates by race/ethnicity are unavailable. We enhanced a published modeling approach to estimate area-level MSM populations by race/ethnicity and provide the first estimates of P&S syphilis among black and white nonHispanic MSM.
INTRODUCTION
Syphilis is a sexually transmitted bacterial infection with broad implications for individual health, public health, and preventive medicine. Clinically, syphilis is classified into several stages; the primary and secondary (P&S) stages of syphilis suggest more recent infection and are often used in surveillance to represent acute infections. 1 Left untreated during these earlier stages, clinical manifestations of syphilis include cardiovascular and neurological morbidity as well as pregnancy complications, such as stillbirth, low birth weight, prematurity, and congenital anomalies. 1 Syphilis has also been shown to increase the risk of transmission and acquisition of HIV. 3 Rates of reported P&S syphilis declined to historic lows in the 1990s, leading to optimism about the potential for syphilis elimination in the United States, a goal highlighted in the 1999 National Plan for the Elimination of Syphilis. 4 However, since 2001, the national rate of syphilis began rising, and rates of P&S syphilis have increased almost every year, nearly quadrupling between 2001 and 2015 (from 2.1 to 7.5 cases per 100,000 in 2015). 1 The increases in syphilis rates have occurred predominantly among men across all categories of age and race/ethnicity, with the largest increases noted among men who have sex with men (MSM). 1, 4 Thus, further understanding of the racial, sexual, and geographic disparities in syphilis transmission should guide programs and policies aimed at reducing transmission of syphilis and addressing disparities in diagnosis rates. 1, 5 The epidemiology of P&S syphilis throughout the United States highlights the heterogeneity of the epidemic. Although P&S syphilis increases have been seen across many states and regions, state-level variation in case numbers is an important dimension of the syphilis epidemic. For example, there was nearly a 150% increase in diagnoses of P&S syphilis in California from 2006 (5.1/100,000) to 2015 (12.6/100,000), which exceeded the national rate increase during the same period (3.3-7.5/100,000, a 127% increase). 1, 6 Surveillance reports have shown that syphilis rates across the US population also show marked disparities by race/ethnicity, with diagnosis rates 5 times higher among black non-Hispanic men (39.0/ 100,000) compared with white non-Hispanic men (7.6/ 100,000) in 2015. 1 Nationally, MSM experience an approximately 100-fold greater rate of P&S syphilis diagnoses compared with men who have sex with women only, 7 although MSM rates of P&S syphilis among racial/ethnic groups have not been possible. We recently developed a modeling approach for estimating numbers of MSM in US counties and states, as described by Grey et al. 8 This approach was used to update national estimates 7 and provide the first state-specific estimates of P&S syphilis burden among MSM in 2015. 9 Here, we extend this methodology to estimate area-level MSM populations by racial/ethnic groups. We synthesize this information to provide the first estimates of P&S syphilis by race/ethnicity-specifically black and white non-Hispanic men-among MSM in the United States. This delineation of P&S syphilis rates by racial/ ethnic groups of MSM by state is a critical step in understanding the social determinants of syphilis and other sexually transmitted disease risk disparities in the United States. 7 
METHODS

MSM Population Denominators
We estimated race/ethnicity-specific numbers of adult MSM in each state using an updated version of our previously published method. 8 In brief, the previous method adjusted published estimates of the percentage of adult men who are MSM, both nationally 7 and by its urban-rural classification 10 (also called "urbanicity") 11 according to each US county's concentration of households headed by a male with a male partner. The number of total households and male-male households in counties was obtained from the American Community Survey (ACS). 12 A county's weighted percentage of MSM among adult men (age 18 and older) was based on the ratio of the county's percentage of male-male households among all households to the percentage of male-male households among all counties at the same level of urbanicity. Thus, counties with greater than expected density of malemale households were estimated to have more MSM, whereas counties with less density of male-male households were estimated to have fewer MSM. The percentages from NHANES that were reported by Oster et al 11 were multiplied by this ratio to obtain an adjusted percentage of MSM among adult men. Thus, the final estimates of MSM population size were determined by multiplying the adjusted percentage by the number of adult men in the county according to the current population estimates from the US Census Bureau. The number of MSM in states and metropolitan statistical areas was then calculated by summing county-level MSM population estimates.
For the analysis presented here, we modified the previously published model by incorporating the estimates by Oster et al 11 of the percentage of MSM among adult men within the 4 US regions. Consequently, the new estimates take into account the county's density of male-male households relative to all counties at the same level of urbanicity and within the same region. This modification was made to reduce errors due to regional differences in same-sex cohabitation or reporting of male-male households to the US Census Bureau. In addition, we updated the previous estimates to represent 2014 by incorporating data from the ACS 2010-2014 summary files. 12 After determining each county's estimated number of MSM according to the new method, we estimated the number of MSM within each racial/ethnic category according to the racial/ethnic distribution of adult men residing in that county. Here, we assume that the racial/ethnic distribution of the adult MSM population in a given county reflects the communities in which they reside. 7 In addition to revising the method for estimating overall MSM populations at the county level, we estimated confidence intervals (CIs) around our state-level point estimates of MSM population size, which we did not include in our previous work. 8 These CIs took into account variability in the data sources by sampling from distributions around each estimate. For the data from the ACS summary files, we used margin of error files provided by the US Census Bureau for the 90% CIs for each variable. We also used published 95% CIs for the estimates published by Purcell et al 7 and Oster et al. 11 Thus, using randomly drawn parameters from the distributions around these key model parameters, we performed our estimation method 100,000 times.
The values we report are the medians across the 100,000 results. The 95% CIs represent the values at the 2.5th and 97.5th percentiles around the race/ethnicity-specific national and area-specific estimates of MSM populations' sizes. These CIs for the number of MSM were carried forward as denominators to yield CIs for MSM P&S syphilis rates by area and race/ethnicity.
P&S Syphilis Cases
To calculate rates, we used state-level diagnoses of P&S syphilis ("cases") reported to the CDC by jurisdictions as part of the National Notifiable Diseases Surveillance System. Case reports include information on sex, race/ ethnicity, and sex of partners-"male," "female," or "both male and female." The completeness of surveillance reporting for these data varies by state, however. In 2014, the percentage of unknown race/ethnicity ranged from 0% in 14 states (Alaska, Delaware, Indiana, Iowa, Kentucky, Michigan, North Carolina, Oklahoma, South Carolina, South Dakota, Utah, Vermont, Virginia, and West Virginia) to 31.3% (Maine). 13 The percentage of unknown sex of partners in the 49 states that reported those data ranged from 1.2% (South Carolina) to 80.9% (Delaware). 13 Because diagnosis data among MSM are limited to cases for which all relevant data are reported, previous CDC reports have suppressed MSM-specific data for states in which data about sex of partners were reported on fewer than 70% of P&S syphilis cases. 13 For our 1-year cross-sectional analysis, we expand this criterion to retain states with data on sex of partners from at least 50% but fewer than 70% of cases, but we report them separately. We fully suppressed data from states with less than 50% reporting of sex of partners for cases. Furthermore, states and state-by-race/ethnicity strata with fewer than 5 cases were suppressed to protect privacy. Those with 5 or more cases but less than 12 were reported, but rates were excluded because of instability. 14 Suppressed states, those with low reporting of sex of sex partners, and cases with missing race/ethnicity information contributed to regional and overall estimates. Because of low case counts in the majority of states for other races and ethnicities, we limited presented P&S syphilis rates to 3 groups: (1) MSM of all race/ethnicities, (2) black non-Hispanic MSM, and (3) white non-Hispanic MSM. For rates, we divided the P&S syphilis case counts by the overall estimated number of MSM as well as the estimated number of MSM among each racial/ethnic category. Rates were calculated this way for each of the 100,000 iterations of the estimation method to determine the 95% CIs around each value. Thus, variation in the rates represents variability in the denominator estimates; the case counts do not vary.
RESULTS
The estimated number of non-Hispanic black and white MSM and the total number of MSM in 2014 are summarized by US region, division, and state in We present the number and rates of reported P&S syphilis cases among adult MSM in 2014, by state and race/ ethnicity, in Table 2 (states with sex partner information reported for at least 70% of cases) and Table 3 (states with at least 50% but less than 70% of sex partner information reported; rates are underestimated rates and should be examined with caution). In 2014, 11,711 cases of P&S syphilis were reported among adult MSM in the United States, yielding a rate of 252.3 cases per 100,000 MSM. California had the highest reported number of cases among MSM at 2244 (19% of cases), whereas Idaho, Maine, Montana, North Dakota, South Dakota, and Vermont each reported fewer than 12 cases among MSM. The top 5 highest rates were in South Carolina (545.7/100,000), Mississippi (539.3/100,000), Louisiana (527.2/100,00), Nevada (493.6/ 100,000), and Georgia (443.8/100,000, with 50%-70% known partner sex). At the Census region level, rates ranged from 200.8/100,000 in the Midwest to 271.1/100,000 in the West, with the largest number of cases (4625) in the South.
Of the 11,359 cases of P&S syphilis among MSM reported in 2014 for whom race/ethnicity were known (11,359/11,711, or 97.0% of all MSM cases), 8240 (72.5%) were among non-Hispanic white or black MSM. White MSM represented 40.3% of all reported MSM cases with known race/ethnicity (4580/11,359) and black MSM represented 32.2% (3660/11,359). Among all states with sufficient data, rates for black MSM exceeded those for white MSM, with overall national rates of 583.9/100,000 among black MSM and 168.4/100,000 among white MSM. The rates among black MSM were consistently high across regions, from a high of 602.0/100,000 in the South to a low of 521.5/ 100,000 in the Midwest, with substantial variation between states. The highest rate was in South Carolina (1398.1/ 100,000), with additional rates above 1000.0/100,000 in Georgia, Mississippi, Nevada, and Pennsylvania. Among white MSM, the variation in rates was lower, from a low of 140.5/100,000 in the Midwest to a high of 168.3/100,000 in the Northeast. The highest rate was 359.0/100,000 in Nevada, and Arizona, California, Louisiana, Rhode Island, and South Carolina also had rates above 250.0/100,000. Figures 1 and 2 display maps of the distribution of P&S syphilis rates among all MSM and among only white MSM and only black MSM, respectively, using decile cut-points. The maps underscore our finding that isolating state rates of P&S syphilis among MSM by race category significantly reduce the variation in rates by geographic location. When mapping P&S syphilis cases among all MSM, regardless of race/ethnicity, the highest rates are concentrated in a distinct band across the US South. By contrast, when rates among black and white MSM are disaggregated and viewed on 
DISCUSSION
We present an enhancement to our previous methodology, enabling estimation of the sizes of race-specific populations of MSM by state across the United States, and providing a clearer picture of the variation in distribution of the MSM population across the United States by race and ethnicity. Using these revised estimates of the MSM population distribution in the United States, we were then able to use syphilis case surveillance data to present the first-ever state-by-state estimates of P&S syphilis rates among nonHispanic black and white MSM. Compared with heterosexual males, MSM in the United States are disproportionately burdened by syphilis. 9 Our analysis further shows that among the MSM population, there are additional racial/ethnic disparities. Across all the states examined, irrespective of the relative size of the MSM population, black MSM had significantly higher risks of P&S syphilis compared with white MSM.
The most recent report of MSM-specific syphilis rates used data from 2008. 7 Between 2008 and 2014, our data show a 63.8% increase in P&S syphilis among MSM overall (154-252.3/100,000), a 65.4% increase among non-Hispanic black MSM (353-583.9/100,000), and a 115.9% increase among white MSM (78-168.4/100,000). 7 Although percentage increases in P&S syphilis rates were higher among white MSM, absolute rate increases were higher among black MSM. Thus, these data reinforce the need to have population-specific interventions among MSM.
Although a critical finding from our data is the systematically higher rates of syphilis among black MSM, our state-by-state findings highlight areas where rates among black MSM are particularly elevated; for example, the P&S syphilis rate in Georgia, Mississippi, and South Carolina each represent a 2-fold or greater rate than the national P&S syphilis rate among black MSM, and are nearly 10-fold the syphilis rate for MSM overall. When comparing these rates with the overall national syphilis surveillance rate of 7.5 cases per 100,000 US adults, these disparities and the vulnerability of the black MSM population in the South are further underscored. 1 In the West, South, and Northeast, the P&S syphilis epidemics for white MSM are more uniform and less concentrated in the South. These racially specific and different geographic patterns can inform national, state, and regional approaches to sexually transmitted disease control.
The P&S syphilis racial/ethnic disparities can help inform local program planning and development of syphilis education and prevention interventions. The data presented here underscore the need to develop a more lucid local epidemiology of P&S syphilis, including greater attention to collecting and reporting comprehensive data regarding sexual history and sex of sex partners. Local and state health departments may need to explore whether prevention approaches for MSM may differ by racial/ethnic group. Of importance, the methodology presented will allow for continual updates as new surveillance and census data become available, allowing the public health understanding of US syphilis rates and subpopulation disparities to evolve as new data become available.
The findings presented here illustrate the importance of surveillance methodologies for accurately estimating population denominators, such as developing accurate estimates of state-and county-level MSM populations by race across the United States. In deepening our understanding of disease risk and transmission in the United States, these denominator estimates can be as important as accurate case surveillance. For example, in Nevada, only 40 cases of P&S syphilis were reported among black MSM in 2014 compared with 359 cases among white MSM. Yet, the race-specific rates of P&S syphilis were estimated to be 1058.5/100,000 and 252.0/ 100,000 for black and white MSM, respectively. In this example, the burden of disease is considerably higher for black MSM compared with white MSM. Also, the rate ratio for black MSM compared with white MSM was 4.2, whereas the case ratio was 9, suggesting the magnitude of racial/ethnic disparities may also differ when rates are compared rather than absolute case counts.
The results of our model rely on the accuracy of the ACS data, 12 the published NHANES estimates, 7, 11 and the surveillance data that were available. Consequently, there are several ways in which our findings and estimates are limited by those data. First, because of small cell sizes and resultant instability of rate estimates, we were unable to establish P&S syphilis rate estimates for racial and ethnic groups other than non-Hispanic white and black MSM. In some areas, this limitation may result from very small population sizes of some MSM groups, whereas in other populations the model was limited by suppression of data in states where a significant proportion of P&S syphilis surveillance is lacking information about sexual behavior. As a result, important subpopulation disparities in P&S syphilis may be missed in this analysis, such as Hispanic or Asian MSM. However, the methodology presented can be applied to state-and countylevel data by state and local health departments where sufficiently stable rate estimates can be calculated. Finally, in states where sex of sexual partner or race/ethnicity was not collected for all cases of P&S syphilis, rates are likely underestimated. Although it is unlikely that the missing data would be skewed sufficiently to alter our finding of significant racial disparities in P&S syphilis infection rates, the implications of this missing data highlight the importance of accurate and complete disease surveillance reporting from state and local health departments.
Beyond the data and parameters used in our estimation method, we assumed that the racial distribution of MSM follows racial distribution of adult men in the county, as reported by census data. Although there is no reason to expect that this assumption is erroneous in a manner that would alter the P&S syphilis rate disparities in a systematic fashion, absent a large-scale population-based study, it is impossible to know if there may be some areas of the country where this assumption leads to a racial distribution that is not fully representative of the population in question. However, given the very marked and consistent racial disparity in P&S syphilis rates observed in this study, it is unlikely that this association could be fully or largely explained by an error in this assumption.
We estimated race/ethnicity-specific rates of reported P&S syphilis among MSM in the United States, by state of residence. Although white MSM account for the more cases than black MSM, when evaluating diagnoses based on rate per 100,000, black MSM had consistently and markedly higher rates (eg, 583.9/100,000 nationally) than white MSM (eg, 168.4/100,000 nationally), with the highest impacted states located in the US South. This first-ever publication of state-level rates of P&S syphilis among MSM help state and local public health departments to better understand the populations' disparities and public health needs within the communities they serve, as well as underscoring the importance of ensuring complete and accurate surveillance collection data to drive data-based public health planning.
